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BACKGROUND OF THE INVENTION 


,' A V \ 1. Field of the invention:. 

The present invention relates to a developing 
5 sleeve for a magnetic brush developing unit used in an 

image forming apparatus such as an electrophotographic 
copying machine or the like. 


2. Description of the prior art: 
10 In an image forming apparatus such as an 

electrophotographic copying machine or the like, a 
developing unit is used to develop an electrostatic 
latent image formed on a photosensitive drum. As one 
of such developing units, a magnetic brush developing 
15 unit is known which is provided with a cylindrical 
developing sleeve having a plurality of magnets 
contained therein, the developing sleeve being rotated 
to form on the outer circumferential surface thereof a 
magnetic brush from developer consisting of toner and 
20 carrier. In this type of magnetic brush developing 
unit, as the developing sleeve rotates, the magnetic 
brush formed thereon rubs against the surface of a 
photosensitive drum, which is also rotating, in a 
developing area where the magnetic brush faces the 
25 photosensitive drum, to develop the electrostatic 
latent image on the photosensitive drum with the toner 
in the magnetic brush. 

As disclosed in Japanese Laid-Open Patent 
30 Publication No. 53-3347, such a magnetic brush 
developing unit is provided with a plurality of axially 
parallel grooves of a prescribed shape arranged with 
appropriate spacing in a circumferential direction on 
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the surface of "the developing sleeve. With such 
grooves formed on the surface of the developing sleeve, 
carrier particles to which toner adheres can smoothly 
flow to the developing area facing the photosensitive 
5 drum. This allows the carrier particles having the 

toner adhering thereto to circulate within the 
developing area, thereby enabling the toner to properly 
develop the electrostatic latent image on the 
photosensitive drum. 

10 

However, when grooves having angular corners 
are formed on the surface of the developing sleeve, the 
distance between the surface of the developing sleeve 
and that of the photosensitive drum changes abruptly at 

15 positions where the grooves are formed, which causes 
the strength of the electric field applied to the 
developing area to change suddenly. Furthermore, the 
bristles of the magnetic brush erect differently in the 
grooves than in the other circumferential areas of the 

20 developing sleeve. Thus, when an image is to be 
formed which has portions the whole area of which are 
colored with the toner (these portions are hereinafter 
referred to as "solid-color areas 11 ) such as when 
copying a photograph, unevenness in toner density may 

25 be caused in the solid-color areas. In particular, as 
the ratio of the surface speed of the developing sleeve 
to that of the photosensitive drum is reduced, the 
magnetic brush formed from the developer carried on the 
developing sleeve is caused to contact the 

30 electrostatic latent image on the photosensitive drum 
for a longer time in the developing area, thereby 
making the density unevenness in the solid-color areas 
further noticeable . 
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SUMMARY OF THE INVENTION 

It: is a primary object of the present 
invention, which overcomes the above-discussed and 
5 numerous other disadvantages and deficiencies of the 

prior art, to provide a developing sleeve for a 
magnetic brush developing unit, which is capable of 
substantially reducing the unevenness of the toner 
density in solid-color areas. 

10 

The developing sleeve for a -m agnetic magnetic 
brush developing unit of this invention is a developing 
sleeve which rotates to carry a magnetic brush formed 
from developer consisting of carrier and toner while 

15 forming said magnetic brush on the circumferential 
surface thereof, so as to develop an electrostatic 
latent image on a photosensitive drum with said toner 
in a developing area where said magnetic brush comes 
into contact with said photosensitive drum and a 

20 predetermined electric field is applied; said 
developing sleeve comprising a plurality of axially 
parallel grooves formed at a predetermined pitch in the 
circumferential direction on the circumferential 
surface thereof, each groove and each interfacing 

25 portion having a cross section gradually and gently 
curved in the circumferential direction, said 
interfacing portion being a portion between each groove 
and its adjacent circumferential surface area. 

30 In a preferred embodiment, said grooves and 

circumferential surface areas between two adjacent 
grooves are formed in a sine curve in section. 
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In a preferred embodiment, each of said 
grooves is substantially formed in a V-shape with an 
arc-shaped bottom in section and said interfacing 
portion between each groove and its adjacent 
5 circumferential surface area has an arc-shaped cross 
section gradually and gently curving in the 
circumferential direction . 

Thus, the electric field strength changes 
10 gently in the developing area where the developing 
sleeve faces the photosensitive drum. This 
substantially reduces the unevenness in toner density 
of the resulting developed image, so that no unevenness 
in toner density of the solid-color areas can be 
15 recognized visually. 

The developing sleeve for a magnetic brush 
developing unit according to the invention is a 
developing sleeve which rotates to carry a magnetic 

20 brush formed from developer consisting of carrier and 
toner while forming said magnetic brush on the 
circumferential surface thereof, so as to develop an 
electrostatic latent image on a photosensitive drum 
with said toner in a developing area where said 

25 magnetic brush comes into contact with said 
photosensitive drum and a predetermined electric field 
is applied, said photosensitive drum rotating at such a 
speed that the surface thereof moves slower than that 
of said developing sleeve; wherein said developing 

30 sleeve comprises a plurality of axially parallel 
grooves formed at a predetermined pitch in the 
circumferential direction on the circumferential 
surface thereof, said pitch being equal to or smaller 
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than the circumferential length of said developing area 
and also being equal to or larger than the difference 
in travel length between the surface of said developing 
sleeve and that of the photosensitive drum during the 
time required for a point on the photosensitive drum to 
move along the full length of said developing area. 


In a preferred embodiment, each of said 
grooves is provided with angular corners in section, 

10 

In a preferred embodiment, each of said 
grooves and the interfacing portion between each groove 
and its adjacent circumferential surface area curve 
gradually and gently in section in the circumferential 
!5 direction of said developing sleeve. 



25 


In a preferred embodiment, said grooves are 
so arranged as to satisfy the following relation: 

C x S/D * A 

wherein S is the speed at which the surface 
of said developing sleeve moves, D is the speed at 
which the surface of said photosensitive drum moves, A 
is the pitch at which said grooves are disposed, and C 
is the circumferential length of said circumferential 
surface area between two adjacent grooves. 


30 


As a result, even if the ratio of the surface 
speed of the developing sleeve to that of the 
photosensitive drum is reduced, unevenness in toner 
density can be prevented in the resulting developed 
image . 



f 


ZD 



Y-26 

- 6 - 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and 
its numerous objects and advantages will become appar- 
5 ent to those skilled in the art by reference to the 

accompanying drawings as follows: 

Figure 1 is a sectional view showing part of 
a developing sleeve for a magnetic brush developing 
10 unit according to the present invention. 

Figure 2 is a sectional view showing a 
modified version of the developing sleeve of Figure 1. 

15 Figure 3 is a sectional view showing another 

example of the developing sleeve according to the 
invention. 

Figure 4 is a sectional view showing a 
20 modified version of the developing sleeve of Figure 3. 

Figure 5 is a sectional view showing a 
further example of the developing sleeve according to 
the invention. 


DESCRIPTION OF THE PREFERRED EMBODIMENTS 


/* ( Example 1)^ 

*^ Figure 1 shows a developing sleeve of the 

30 present invention for a magnetic brush developing unit, 
which is provided with a plurality of axially parallel 
grooves 11, 11, . . . formed at a predetermined pitch in 
the circumferential direction on the outer circum- 
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ferential surface thereof. The grooves 11 and the 
other circumferential surface areas each being located 
between two adjacent grooves 11 are formed in, for 
example, a sine curve in section. Thus, the circum- 


the grooves 11 each having an arc-shaped cross section 
gradually and gently curving in the circumferential 
direction thereof, with the interfacing portion 
between each groove 11 and its adjacent circumferential 
!0 surface area (this portion is hereinafter referred to 
simply as an "interfacing portion") also having an arc- 
shaped cross section gradually and gently curving in 
the circumferential direction thereof. 

15 The developing sleeve 10 is rotatably mounted 

in a developing unit in which carrier and toner rub 
against each other to be charged, and faces a 
photosensitive drum 20, for example, with an 
appropriate distance provided therebetween. Inside the 
20 developing sleeve 10, a plurality of magnets are 
disposed at appropriate spacing on the inner 
circumferential surface thereof. When the developing 
sleeve 10 is rotated, a magnetic brush is formed from 
developer consisting of the carrier and the toner while 
25 being carried on the outer circumferential surface 
thereof. An appropriate electric field is applied to a 
developing area where the surface of the developing 
sleeve 10 faces that of the photosensitive drum 20 
which is also rotating. In the developing area, the 
30 toner in the developer being carried on the surface of 
the developing sleeve 10 is applied to an electrostatic 
latent image formed on the photosensitive drum 20, 
I thereby developing the latent image. 


5 


ferential surface of the developing sleeve 10 includes 
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Since each groove 11 and each circumferential 
surface area between two adjacent grooves 11 are formed 
in an arc shape in section, with the interfacing 
portion therebetween also having an arc-shaped cross 

5 section curving gradually and gently in the 

circumferential direction of the developing sleeve 10, 
there are no angular portions over the entire 
circumferential surface of the developing sleeve 10 
including the surface of each groove 11. Therefore, 

10 the distance between the surface of the developing 
sleeve 10 and that of the photosensitive drum 20 does 
not change abruptly, but changes gently and smoothly in 
the developing area with the rotation of the developing 
sleeve 10, and thence, the electric field strength in 

15 the developing area between them also changes gradually 
and gently. Since the developer carried on the surface 
of the developing sleeve 10 is agitated by the 
grooves 11 to circulate within the developing area, and 
since the electric field strength changes gently in the 

20 developing area, the toner in the developer being 
carried in the form of a magnetic brush on the surface 
of the developing sleeve 10 is allowed, in the 
developing area, to uniformly adhere to predetermined 
areas of the electrostatic latent image on the 

25 photosensitive drum 20. This assures good development 
of the electrostatic latent image. As a result, even 
if the electrostatic latent image on the photosensitive 
drum 20 has an area to be developed with the toner into 
a solid-color area, the toner is uniformly applied to 

30 the entire surface of that area without sudden changes 
in density, thereby greatly reducing the unevenness in 
toner density in the solid-color area of the resultant 
developed image. In particular, even when the ratio of 
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the surface speed of "the developing sleeve 10 to that 
of the photosensitive drum 20 is reduced, there is 
almost no density unevenness caused in solid-color 
areas . 

5 

The surface of the developing sleeve 10 need 
not be formed in a sine curve such as described in the 
above embodiment, but it may be formed in a shape shown 
in Figure 2, in which each groove 11 is substantially 

10 formed in a V-shape in section with an arc-shaped 
bottom and each interfacing portion also has an arc- 
shaped cross section curving gradually and gently in 
the circumferential direction of the developing 
sleeve 10. In this case also, since the electric field 

15 strength in the developing area changes gently along 
the circumferential direction of the developing 
sleeve 10, almost no unevenness arises in toner 
density. 

20 The cross section of each groove 11 is not 

limited to the V shape with its corners curved in an 
arc shape, but may be formed in a rectangular shape 
with its corners curved in an arc shape. 

( Example 2 ) 
/ /- /w " 

The cross sections of each groove and each 

interfacing portion need not be formed as shown in the 

first example, i.e., they need not be formed in a 

gently curved shape but may have angular corners. 


30 


For example, in a developing sleeve 10 such 
as that shown in Figure 3, each groove 11 formed on the 
surface thereof is of a V shape having an angular 
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corner in section, and also, *the cross section of each 
interfacing portion is formed in an angular shape, not 
curved in an arc shape. Further, the pitch at which 
the grooves 11 are disposed in the circumferential 

5 direction of the developing sleeve 10 is smaller than 
the circumferential length of the developing area. 
Therefore, when developing an electrostatic latent 
image on the photosensitive drum 20, at least one of 
the grooves 11 and the circumferential surface area 

10 between that groove 11 and its adjacent groove 11 are 
always positioned at the same time in the developing 
area. This means that, in the developing area, the 
distance between the surface of the developing 
sleeve 10 and that of the photosensitive drum 20 

15 differs between the area corresponding to the groove 
and that corresponding to its adjacent circumferential 
surface area. As a result, the surface of the 
developing sleeve 10 is not positioned in the 
developing area in such a way that only the circum- 

20 ferential surface area between two adjacent grooves 11 
or only the bottom surface of one of the grooves 11 
faces the surface of the photosensitive drum 20. 

Thus, in the developing sleeve 10, when the 
25 pitch at which the grooves 11 are disposed is denoted 
as A, the circumferential length of the surface area 
between two adjacent grooves 11 is denoted as C, and 
the circumferential length of the developing area is 
denoted as B, the pitch A should be equal to or smaller 
30 than the circumferential length B of the developing 
area (B ^ A), and the circumferential length C of the 
surface area between two adjacent grooves 11 is 
preferably equal to or smaller than 1/2 of the circum- 
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ferential length B of the developing area (B/2 £ C). 

With the arrangement described above, the 
carrier particles can circulate with an improved 

5 flowability within the developing area to allow the 

toner attached thereto to be more smoothly conveyed to 
the photosensitive drum 20, as compared with the case 
in which only the circumferential surface area between 
two adjacent grooves 11 or only one of the grooves 11 

10 faces the photosensitive drum 20 at a time. Therefore, 
the toner is uniformly applied to the predetermined 
areas of the electrostatic latent image on the 
photosensitive drum 20, thereby greatly reducing 
unevenness in toner density of the solid-color area of 

15 the resultant developed image. 

The cross section of each groove 11 need not 
be of a V-shape as shown in Figure 3, but it may be 
rectangular as shown in Figure 4. In this case also, 

20 the pitch A is equal to or smaller than the circum- 
ferential length B of the developing area (B ^ A), and 
it is more preferable that the circumferential length C 
of each surface area between two adjacent grooves 11 is 
equal to or smaller than 1/2 of the circumferential 

25 length B of the developing area (B/2 ^ C). Thus, at 
least one of the grooves 11 and the circumferential 
surface area between that groove 11 and its adjacent 
groove 11 are always positioned at the same time in the 
developing area. This improves the flowability of the 

30 carrier particles within the developing area, thereby 
allowing the toner attached thereto to be more smoothly 
conveyed to the photosensitive drum 20. 
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In -the developing sleeve 10 such as those 
shown in Figures 3 and 4, the pitch A is set in 
accordance with the rotation speed of the developing 
sleeve 10 and the photosensitive drum 20. They rotate 

5 at such a speed that the surface of the developing 

sleeve 10 moves at a higher speed than that of the 
photosensitive drum 20. The pitch A is set to be equal 
to or larger than the distance which covers the 
difference in travel length between the surface of the 

10 developing sleeve 10 and that of the photosensitive 
drum 20 during the time required for a point on the 
photosensitive drum 20 to move along the full length of 
the developing area. 


l 


15 The inventors of the present invention 

carried out experiments on the relationship among the 
pitch A, the circumferential length C of each surface 
area between two adjacent grooves 11, and the ratio of 
the surface speed S of the developing sleeve 10 to the 

20 surface speed D of the photosensitive drum 20. 

In Experiment 1, a developing sleeve 10 was 
used which had grooves 11 having a V-shaped cross 
section as shown in Figure 3. The pitch A wa s 2 . 14 mm, 
25 and the circumferential length C of each surface area 
between two adjacent grooves 11 wa s 1«3_4 mm. Solid- 
color images were formed with the ratio of the surface 
speed S of the developing sleeve 10 to the surface 
speed D of the photosensitive drum 20 set at 2.15, 


30 1.85, 1.55, and 1.25, respectively. The results are 
shown in Table 1 . 
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Next, in Experiment: 2, the same experiment as 
Experiment 1 was conducted, using a developing 
sleeve 10 which had grooves 11 having a rectangular 
cross section as shown in Figure 4, the pitch A being 
3.00 mm, and the circumferential length C of each 
surface area between two adjacent grooves 11 being 
1.50 mm. The results shown in Table 1 were obtained. 

Further, in Experiment 3, the same experiment 
as Experiment 2 was conducted, except that the 
circumferential length C of each surface area between 
two adjacent grooves 11 was_2^00 mm. The results shown 
in Table 1 were obtained. 


15 In any of the above cases, no unevenness in 

density was visually recognized when the condition 
A i C x S/D was satisfied. 

In this way, when the relationship between 
20 the arrangement of the grooves 11 formed on the 
developing sleeve 10 and the ratio of the surface 
speed S of the developing sleeve 10 to the surface 
speed D of the photosensitive drum 20 satisfies the 
condition A g C x S/D, unevenness in density is not 
25 caused in the solid-color areas on the resulting 
developed image . 
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Table 1 



A 

C 

S/D 

C x S/D 

Unevenness in 
toner density 
of solid-color 
area 

Example 

2.14 

1.34 

2.15 

2.881 

Not observed 

1 

2.14 

1.34 

1.85 

2.479 

Not observed 


2.14 

1.34 

1.55 

2.077 

Observed 


2.14 

1.34 

1.25 

1. 675 

Observed 


Not observed 
Observed 
Observed 
Observed 

Not observed 
Not observed 
Observed 
Observed 

Figure 5 shows still another developing 
sleeve 10 of the invention, in which the grooves 11 
and the interfacing portions are both arc-shaped in 

5 cross section curving gradually and gently in the 

circumferential direction thereof, and the pitch A at 
which the grooves 11 are formed is equal to or smaller 
than the circumferential length B of the developing 
area. The pitch A is also set to be equal to or larger 

10 than the difference in travel length between the 
surface of the developing sleeve 10 and that of the 
photosensitive drum 20 during the time required for a 



Example 

3.00 

1.50 

2. 15 

3.225 

2 

3.00 

1.50 

1.85 

2.775 


3.00 

1.50 

1.55 

2.325 


3.00 

1.50 

1.25 

1.875 

Example 

3.00 

2.00 

2.15 

4.300 

3 

3.00 

2.00 

1.85 

3.700 


3.00 

2.00 

1. 55 

2.900 


3.00 

2.00 

1.25 

2.500 



( Example 3 ) 
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point: on the photosensitive drum 20 to move along the 
full length of the developing area. In this case also, 
it is preferable that the circumferential length C of 
each surface area between two adjacent grooves 11 is 
equal to or smaller than 1/2 of the circumferential 
length B of the developing area (B/2 £ C), and that the 
pitch A and the length C satisfy the relationship of 
"A ^ C x S/D" with respect to the surface speed S of 
the developing sleeve 10 and the surface speed D of the 
photosensitive drum 20. Thus, in this example, the 
prevention of the toner density unevenness in an solid- 
color area can also be assured. 

It is understood that various other modifica- 
tions will be apparent to and can be readily made by 
those skilled in the art without departing from the 
scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended 
hereto be limited to the description as set forth 
herein, but rather that the claims be construed as en- 
compassing all the features of patentable novelty that 
reside in the present invention, including all features 
that would be treated as equivalents thereof by those 
skilled in the art to which this invention pertains. 
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